Background: Gestational diabetes mellitus (GDM) is strongly associated with significant adverse maternal and perinatal health outcomes that have lifelong consequences. Treatment for women with GDM aims to normalise maternal blood glucose concentrations to reduce these adverse health risks. Target recommendations for glycaemic control in women with GDM vary amongst international organisations. All their recommendations rely on consensus, as there have been no published randomised trials that compare different intensities of glucose control in women with GDM. The TARGET Trial aims to determine whether tighter targets for glycaemic control in women with GDM compared with less tight targets, reduce maternal and perinatal morbidity without adverse health consequences.
Background
Gestational diabetes mellitus (GDM) is defined by the World Health Organization as "carbohydrate intolerance resulting in hyperglycaemia with onset or first recognition during pregnancy" [1] . Rates for GDM are rising worldwide with significant variation in rates, reported as being between 5.2 to 25.5% depending on the diagnostic criteria used and the population [2] [3] [4] . With rates rising, GDM is a significant and increasing health problem in New Zealand, now affecting one in every 11 pregnant women or over 5,500 pregnant women every year [5, 6] .
Risks during pregnancy for women with GDM include pre-eclampsia, induction of labour [7] , increased likelihood of caesarean section and perineal trauma [8] . From a public health viewpoint the largest burden is that over half of the women diagnosed with GDM will develop type 2 diabetes within 10 years [9] .
Relationship of maternal hyperglycaemia with severity of maternal and infant health risks
There is a continuous relationship between maternal glycaemia and the risk of neonatal macrosomia and hyperinsulinaemia [10] . Long-term effects on offspring adiposity and insulin sensitivity appear to be related to the degree of maternal glucose intolerance [11, 12] . The Hyperglycaemia and Adverse Pregnancy Outcomes (HAPO) cohort study [10] confirmed a strong, continuous association between higher concentrations of maternal glucose and increased birth weight and high cordblood serum C-peptide levels, a marker for fetal hyperinsulinaemia.
Treatment of GDM improves maternal and infant health
Providing women with GDM with individualised dietary and lifestyle advice, blood glucose monitoring and pharmacological treatment when required, reduces the risk of serious perinatal outcomes, the likelihood of a larger for gestational age infant and improves the woman's health related quality of life [7, 13] . Treatment for women with GDM aims to normalise maternal fasting and postprandial glucose concentrations, reducing fetal macrosomia related to fetal hyperglycaemia and fetal hyperinsulinaemia, and the associated neonatal complications.
How tight should glycaemic targets be for women with GDM?
Normal blood glucose values in the second half of pregnancy in non-obese, non-diabetic pregnant women have been determined using continuous glucose monitoring. The fasting plasma glucose was 4.2 mmol/L ± 0.7; 1 h postprandial plasma glucose 5.8 mmol/L ± 0.7; and 2 h postprandial plasma glucose 5.4 mmol/L ± 0.6 [14] . These values reflect blood glucose concentrations in women with a 'normal' pregnancy. These are all lower than the currently recommended glycaemic targets used for the treatment of women with GDM. The maternal glucose concentrations in non-diabetic pregnant women are considerably lower than the glycaemic targets used for treating women with GDM so the current recommendations for glycaemic targets for the treatment of women with GDM has recenlty been challenged [15] .
Systematic review of glycaemic treatment targets for women with GDM
The evidence for glucose treatment targets in pregnant women with diabetes has been summarised in a systematic review that included 34 observational studies involving 9433 women [16] . Twenty-six of the studies included women with GDM, but only in the third trimester of pregnancy. The review authors highlighted that there have been no published randomised controlled trials comparing any two glycaemic thresholds that report on benefits and harms for the mother and infant [16] . The evidence able to be included within the systematic review was therefore only observational.
Overall the quality of the evidence included was judged to be low, with the literature limited in quality and heterogeneity found to be high amongst the studies. The studies had moderate to high risk of bias due to inconsistent reporting of outcomes and a lack of adjustment for important variables such as maternal body mass index [16] .
The results of this systematic review showed that for women with GDM a fasting glucose treatment target of < 5.0 mmol/L was associated with a significant reduction in macrosomia (p < 0.01), large for gestational age infants (p = 0.01), neonatal hypoglycaemia (p = 0.01) and neonatal jaundice (p = 0.01) [16] . There was a significant reduction in pre-eclampsia during the third trimester of pregnancy (p = 0.01) [16] .
The systematic review authors concluded that it remains unclear whether glycaemic treatment targets above or below a fasting glucose threshold of < 5.0 mmol/L offer a better balance of benefits and risks [16] . They considered that there was insufficient evidence on postprandial measures to assess different cut-off points and health outcomes.
What treatment targets for GDM are recommended for clinical practice?
Target recommendations from international professional organisations for maternal glycaemic control on GDM differ widely. All rely on consensus because there is a lack of high quality evidence [3, [17] [18] [19] [20] . Treatment target recommendations for fasting glucose concentrations range from 3.5 to 5.9 mmol/L, for 1 h postprandial from 6.0 to < 8.0 mmol/L and 2 h postprandial from 5.6 to < 7.0 mmol/L. The evidence on which these recommendations have been made is generally unclear and does not compare different blood glucose thresholds at which to initiate treatment.
In New Zealand, the recommended targets for glucose for treatment of women with GDM have been a fasting plasma glucose < 5.5 mmol/L; 1 h postprandial < 8.0 mmol/L; and 2 h postprandial < 7.0 mmol/L [21] . With increasing concerns that these recommended glycaemic targets were not tight enough to normalise fetal growth and so minimise perinatal and later complications [11, 16, 17, 22, 23] , the Ministry of Health Clinical Practice Guidelines "Screening, diagnosis and management of gestational diabetes in New Zealand," have recommended tighter targets [6] . There have been many calls for randomised trials to be conducted comparing different intensities of treatment targets [6, 15, 16, 20, 22, 23] .
Aims and objectives of the TARGET trial
The TARGET Trial will assess whether tighter targets for glycaemic control in women with GDM, as now proposed by the New Zealand Ministry of Health [6], compared with less tight targets [21] , reduce maternal and perinatal morbidity without adverse health consequences.
Hypotheses
The primary hypothesis of the trial is that tighter treatment targets for glycaemic control in women with GDM compared with less tight targets will reduce the risk of the infant being born large for gestational age.
The secondary hypotheses are that tighter treatment targets for glycaemic control in women with GDM compared with less tight targets will:
1. reduce the risk of serious morbidity for the infant (composite outcome measure of death, shoulder dystocia, birth trauma); 2. reduce other infant morbidity including hypoglycaemia, hyperbilirubinaemia and need for respiratory support; 3. reduce morbidity for the woman including preeclampsia, need for induction of labour and caesarean section; 4. increase the use of pharmacological treatment and hospital services.
Methods/design
Ethics statement
Human ethics approval was granted by the Northern A Health and Disability Ethics Committee in New Zealand (14/NTA/163/AMO1) that included a waiver of consent for eligible women being treated for gestational diabetes at the participating hospitals.
Study design
A multicentre, stepped wedge, cluster, randomised trial [24] [25] [26] , protocol date 2014 version 1. This study design has been used mainly to evaluate interventions during routine implementation, particularly where there is a strong likelihood of benefit rather than harm [27] . Individual hospitals will be randomised rather than individual women allowing assessment of the benefits and harms of the less tight and tighter treatment targets. All hospitals will sequentially implement the tighter glycaemic treatment targets at randomly assigned time points. These time points are the "step" of the steppedwedge design.
Study population and sites
Women with GDM, diagnosed by oral glucose tolerance test in mid-pregnancy, receiving pregnancy care at one of the 10 participating hospitals in New Zealand will be eligible. Women with a known major fetal anomaly will not be eligible. Eligible women will be enrolled into the study by the research assistant at each hospital over six time periods of four months each.
Randomisation
Hospitals will be randomised, in clusters of two, to the timing of the change from use of the less tight glycaemic target period to use of the tighter glycaemic target period. The sequence of allocation of the hospitals to the sequential implementation of the tighter glycaemic target period will be prepared by the trial statistician using a computer generated random number table. Participating sites will be blind to their randomised time point until training for the implementation of the tighter glycaemic targets begins at their site, not more than two weeks prior to the change.
For the less tight Glycaemic target period
All health professionals at the hospital will aim to use the less tight targets for glycaemic control in women with GDM (fasting plasma glucose < 5.5 mmol/L; 1 h postprandial < 8.0 mmol/L; 2 h postprandial < 7.0 mmol/L) [21] .
For the tighter Glycaemic target period
All heatlh professionals at the hospital will aim to use the tighter targets for glycaemic control in women with GDM (fasting plasma glucose ≤5.0 mmol/L, 1 h postprandial ≤7.4 mmol/L; 2 h postprandial ≤6.7 mmol/L) [6, 20] .
Procedures at the sites
Prior to the study commencing, a visit will be made to each of the sites by the lead investigator and the Study Co-ordinator. They will meet with the participating hospital's clinical leaders for the study to plan the set-up of the project at their site, and to provide the TARGET Trial Implementation Action Pack. This pack includes the trial protocol, a powerpoint presentation about the study for use in local educational meetings, stickers of the less tight targets to be used in the participant's blood glucose monitoring booklets, lanyard cards for relevant hospital staff and posters to display in clinical areas giving the less tight targets for glycaemic control in use at the hospital. At the start of the Less Tight Glycaemic Target Period all health professionals at the participating hospitals caring for women with GDM will be sent a reminder of the less tight targets to use for glycaemic control in women with GDM. Not more than two weeks prior to a site being randomised to the Tighter Glycaemic Target Period a visit will be made by the lead investigator and the Study Co-ordinator to plan the procedures for the change to use of the tighter targets with the local clinical collaborators and the hospital staff. Updated materials will be provided for the site's TARGET Trial Implementation Action Pack that include an updated powerpoint of the changed targets, stickers of the tighter targets to be used for the participant's blood glucose monitoring booklets, lanyard cards for relevant staff and posters to display in clinical areas giving the tighter glycaemic targets to be used. At the start of the Tighter Glycaemic Targets Period all health professionals at the participating hospitals caring for women with GDM will be sent a reminder of the tighter glycaemic targets to be used for glycaemic control in women with GDM.
For both Glycaemic target periods
Women with GDM attending the participating hospitals will receive standard management for GDM by their lead maternity carer and the local Diabetes Pregnancy Service, with appropriate dietary and lifestyle advice, blood glucose monitoring and further pharmacological treatment as needed. Care of the baby after birth will be according to the hospital protocol for blood glucose monitoring.
Data collection
At each of the participating sites a research assistant will collect the study outcome data from the case records of the women enrolled and their infants up to the time of primary hospital discharge after the birth. Data will be submitted to the study's data management centre at The Liggins Institute, University of Auckland and stored in a password protected database (target@auckland.ac.nz).
Primary study endpoint
The primary study endpoint is the incidence of large for gestational age -defined as a birth weight > 90th centile using growth charts adjusted for gestational age and infant sex [28] .
Secondary study endpoints For the woman
Secondary study endpoints for the women include a composite of serious maternal health outcomes; pre-eclampsia; induction of labour; caesarean section; use of pharmacological treatment for GDM; maternal hypoglycaemia; need for admission and length of any antenatal stay; length of postnatal stay; and breast feeding at hospital discharge.
For the infant
Secondary study endpoints for the infant include a composite of serious health outcomes -defined as perinatal death or birth trauma (nerve palsy, bone fracture), or shoulder dystocia; gestational age at birth; birth weight; macrosomia -defined as birth weight > 4 kg; small for gestational age -defined as a birth weight < 10th centile using growth charts adjusted for gestational age and infant sex [28] ; length at birth; head circumference at birth; use of respiratory support; hypoglycaemia; hyperbilirubinaemia; neonatal intensive care unit admission and length of stay; and length of postnatal stay.
Sample size
A total sample size of 1080 participants from 10 hospitals over 6 study periods of four months will provide 90% power at 5% level of significance (two-sided) to detect a treatment difference of 6% in the proportion of large for gestational age babies, from 13% [7] using the less tight glycaemic treatment targets to 7% [13] using the tighter glycaemic treatment targets, assuming an intra-cluster correlation coefficient of 0.05 [24] .
Monitoring
An independent Data Monitoring Committee (DMC) with terms of reference will be established. The DMC will monitor the study processes and review any serious adverse events reported by the study sites. No interim analyses are planned.
Analysis and reporting of results
Data will be analysed by a statistician independent of the clinical investigators who will prepare the statistical analysis plan. Baseline characteristics of all women will be summarised descriptively by the two treatment periods, less tight and tighter glycaemic target periods, to assess comparability of the study groups. Data points in the control section wedge -Less Tight Target Period -will be compared with data points in the intervention sectionTighter Target Period -to assess the effectiveness of the intervention [29] . Treatment evaluations will follow the intention-to-treat principle. Statistical tests will be two-sided and maintained at 5% level of significance. Generalized linear mixed models will be used to evaluate the main treatment effect, with a random effect for hospital group and fixed effects for the intervention implementation and the study time period. Both unadjusted and adjusted analyses will be carried out. Secondary exploratory analyses will consider baseline covariates that show evidence of imbalance between study groups and are related to the outcome of interest. The risk estimates and 95% confidence intervals will be reported using log binomial regression for binary outcomes. Continuous outcomes will be analysed using linear regression. All model assumptions, including normality, will be assessed.
Discussion
Gestational diabetes is a major and increasing health problem globally. Maternal risks include preeclampsia, induction of labour, and within 10 years, over half of the women will have developed type 2 diabetes. Infants born to mothers with GDM are more likely to be large for gestational age, which is highly correlated with the degree of maternal hyperglycaemia and strongly associated with birth injuries and caesarean birth [7, 13] . Large for gestational age offspring are at high risk of long-term adverse health that includes obesity, diabetes, and the metabolic syndrome [9] . Effective interventions that normalise maternal glycaemia and optimise fetal growth and so reduce the risk of being born large for gestational age have the potential for prevention of both short and long-term health problems.
Clinical practice recommendations on the glycaemic targets to use in the treatment of women with GDM vary worldwide and are based on consensus, as there have been no randomised trials published. The optimal glycaemic treatment targets to advise women with GDM to use are therefore unclear.
The TARGET Trial will provide high-level evidence of direct relevance for clinical practice. If tighter treatment targets for women with GDM results in significantly fewer large for gestational age infants and less adverse maternal and perinatal outcomes then they should be recommended for women with GDM and would be of great importance for these women, their children, health services and local communities. 
